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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the crystallinity 
of a nitride type lll-V compd. semiconductor layer grown 
on a sapphire substrate. 

SOLUTION: A plurality of recesses la are formed into 
one main plane of a sapphire substrate 1, a nitride type 
lll-V compd. semiconductor layer is grown thereon, at 
least a part of the inner surface of the recess la makes 
an angle of 10° or more with the-one main plane of the 
sapphire substrate 1, the interior of the recess la is filled 
with a nitride type lll-V compd. semiconductor crystal 
having a Al compsn. ratio higher than that of the nitride 
type lll-V compd. semiconductor layer, e.g. AlxGal-xN 
crystal 16 having an Al compsn. ratio x of 0.2 or more, 
and the recesses la are each 25 nm deep or more and 

30 nm wide or more and may be formed, when the sapphire substrate 1 is thermally cleaned, 
or using the lithography, etching, thermal etching, etc. 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s) 

[Claim 1 A semiconductor device, wherein a crevice is established in the above-mentioned 
silicon on sapphire in an interface of the above-mentioned silicon on sapphire and the above- 
mentioned nitride system group-lll-V-semiconducter layer in a semiconductor device using a 
nitride system group-lll-V-semiconducter layer who made it grow up on silicon on sapphire. 
[Claim 2 The semiconductor device according to claim 1 , wherein at least a part of inner 
surface of the above-mentioned crevice makes an angle of 10 degrees or more to the 1 
principal surface by the side of the above-mentioned nitride system group-lll-V-semiconducter 
layer of the above-mentioned silicon on sapphire. 

[Claim 3 The semiconductor device according to claim 1 , wherein the 1 principal surface by the 
side of the above-mentioned nitride system group-lll-V-semiconducter layer of the above- 
mentioned silicon on sapphire consists of a field which carried out the minute angle inclination 
from a field (0001) or (0001) a field of a sapphire crystal. 

[Claim 4 The semiconductor device according to claim 1 , wherein the depth is not less than 30 
nm in not less than 25 nm and width in the above-mentioned crevice. 
[Claim 5 The semiconductor device according to claim 1, wherein a nitride system group-lll-V- 
semiconducter crystal with larger Al composition ratio than the above-mentioned nitride system 
group-lll-V-semiconducter layer is embedded to an inside of the above-mentioned crevice. 
[Claim 6 The semiconductor device according to claim 5, wherein the depth is not less than 30 
nm in not less than 10 nm and width in the above-mentioned crevice. 
[Claim 7 So that a nitride system group-lll-V-semiconducter crystal with larger Al composition 
ratio than the above-mentioned nitride system group-lll-V-semiconducter layer may embed an 
inside of the above-mentioned crevice at an interface of the above-mentioned silicon on 
sapphire and the above-mentioned nitride system group-lll-V-semiconducter layer. The 
semiconductor device according to claim 1 providing. 
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[Claim 8 The above-mentioned nitride system group-lll-V-semiconducter layer consists of 
aluminum^^Ga^^^ y^lHy^N (0< x1< 1,0< y1< 1,0< x1 y1< 1), The semiconductor device 

according to claim 6 characterized by being x2-x1 > 0.1 when the above-mentioned nitride 
system group-lll-V-semiconducter crystal consists of 9'u"^''^^%2^^i-x2-y2'"y2'^ ^^"^ ^ ' 
0< y2< 1, 0< x2 y2< 1). 

[Claim 9 The above-mentioned nitride system group-lll-V-semiconducter layer consists of 
aluminum^^Ga^_^^_y^lny^N (0< x1< 1,0< y1< 1, 0< x1 y1< 1), The semiconductor device 

according to claim 7 characterized by being x2-x1 > 0.1 when the above-mentioned nitride 
system group-lll-V-semiconducter crystal consists of aluminum^2G^l x2 y2''^y2'^ ^ ' 

0< y2< 1, 0< x2 y2< 1). 

[Claim 10 The semiconductor device according to claim 5 characterized by the above- 
mentioned nitride system group-lll-V-semiconducter crystal consisting of aluminum^Ga^ of 

0.2< x< 1 when the above-mentioned nitride system group-lll-V-semiconducter layer is a 
GaN layer. 

[Claim 11 The semiconductor device according to claim 7, wherein the above-mentioned 
nitride system group-lll-V-semiconducter crystal consists of aluminum^Ga^ of 0.2< x< 1 . 

[Claim 12 The semiconductor device according to claim 1 , wherein a nitride system group-lll- 
V-semiconducter crystal is embedded to an inside of the above-mentioned crevice and a moire 
pattern is observed in a transmission electron microscope image of a portion of the above- 
mentioned nitride system group-lll-V-semiconducter crystal. 

[Claim 13 A nitride system group-lll-V-semiconducter crystal is embedded to an inside of the 
above-mentioned crevice, The semiconductor device according to claim 1, wherein a moire 
pattern whose interval is 1.37-1.67 nm is observed by portion of the above-mentioned crevice 
in a transmission electron microscope image which excited reflection (0002) of the above- 
mentioned nitride system group-lll-V-semiconducter crystal and reflection (0006) of a sapphire 
crystal at least. 

[Claim 14 In a transmission electron microscope image which excited reflection (0002) of the 
above-mentioned nitride system group-lll-V-semiconducter crystal and reflection (0006) of a 
sapphire crystal at least, The semiconductor device according to claim 10, wherein a moire 
pattern whose interval is 1.37-1.67 nm is observed by portion of the above-mentioned crevice. 
[Claim 15 In a transmission electron microscope image which excited reflection (0002) of the 
above-mentioned nitride system group-lll-V-semiconducter crystal and reflection (0006) of a 
sapphire crystal at least. The semiconductor device according to claim 1 1 , wherein a moire 
pattern whose interval is 1.37-1.67 nm is observed by portion of the above-mentioned crevice. 
[Claim 16 In a manufacturing method of a semiconductor device using a nitride system group- 
lll-V-semiconducter layer who made it grow up on silicon on sapphire, A manufacturing 
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method of a semiconductor device characterized by making it grow up a nitride system group- 
Ill-V-semiconducter layer on the above-mentioned 1 principal surface of the above-mentioned 
silicon on sapphire after forming a crevice in the 1 principal surface of silicon on sapphire. 
[Claim 17 A manufacturing method of the semiconductor device according to claim 16, wherein 
at least a part of inner surface of the above-mentioned crevice makes an angle of 10 degrees 
or more to the 1 above-mentioned principal surface of the above-mentioned silicon on 
sapphire. 

[Claim 18 A manufacturing method of the semiconductor device according to claim 16, wherein 
the 1 above-mentioned principal surface of the above-mentioned silicon on sapphire consists 
of a field which carried out the minute angle inclination from a field (0001) or (0001) a field of a 
sapphire crystal. 

[Claim 19 A manufacturing method of the semiconductor device according to claim 16, wherein 
the depth is not less than 30 nm in not less than 25 nm and width in the above-mentioned 
crevice. 

[Claim 20 A buffer layer which consists of a nitride system group lll-V semiconducter with 
substrate temperature of the 1st temperature on the above-mentioned 1 principal surface of 
the above-mentioned silicon on sapphire is grown up, Subsequently, a manufacturing method 
of the semiconductor device according to claim 16 characterized by making it grow up the 
above-mentioned nitride system group-lll-V-semiconducter layer after carrying out temperature 
up of the substrate temperature to the 2nd temperature higher than the 1st temperature of the 
above from the 1st temperature of the above. 

[Claim 21 A manufacturing method of the semiconductor device according to claim 16 
characterized by making it grow up a buffer layer which consists of a nitride system group lll-V 
semiconducter while carrying out temperature up of the substrate temperature to the 4th 
temperature higher than this 3rd temperature from the 3rd temperature on the above- 
mentioned silicon on sapphire. 

[Claim 22 A manufacturing method of the semiconductor device according to claim 16 
characterized by making it grow up a nitride system group-lll-V-semiconducter layer directly, 
carrying out temperature up of the substrate temperature to the 6th temperature higher than 
this 5th temperature from the 5th temperature on the above-mentioned silicon on sapphire, 
[Claim 23 By heat treatment at the time of temperature up of the above-mentioned substrate 
temperature, while raising crystallization or crystallinity, the above-mentioned buffer layer 
embedded to an inside of the above-mentioned crevice of the above-mentioned silicon on 
sapphire, By making the above-mentioned buffer layer diffuse aluminum of the above- 
mentioned silicon on sapphire, A manufacturing method of the semiconductor device 
according to claim 21 forming a nitride system group-III-V-semlconducter crystal which was 
embedded at least to an inside of the above-mentioned crevice of the above-mentioned silicon 
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on sapphire, and in which Al composition ratio is higher than the above-mentioned nitride 
system group-lll-V-semiconducter layer. 

[Claim 24 By heat treatment at the time of temperature up of the above-mentioned substrate 
temperature, while raising crystallization or crystallinity, the above-mentioned buffer layer 
embedded to an inside of the above-mentioned crevice of the above-mentioned silicon on 
sapphire, By making the above-mentioned buffer layer diffuse aluminum of the above- 
mentioned silicon on sapphire, A manufacturing method of the semiconductor device 
according to claim 22 forming a nitride system group-lll-V-semiconducter crystal which was 
embedded at least to an inside of the above-mentioned crevice of the above-mentioned silicon 
on sapphire, and in which Al composition ratio is higher than the above-mentioned nitride 
system group-lll-V-semiconducter layer. 

[Claim 25 By heat treatment at the time of temperature up of the above-mentioned substrate 
temperature, while raising crystallization or crystallinity, the above-mentioned nitride system 
group-lll-V-semiconducter layer embedded to an inside of the above-mentioned crevice of the 
above-mentioned silicon on sapphire. By making the above-mentioned nitride system group-lll- 
V-semiconducter layer diffuse aluminum of the above-mentioned silicon on sapphire, A 
manufacturing method of the semiconductor device according to claim 23 forming a nitride 
system group-lll-V-semiconducter crystal which was embedded at least to an inside of the 
above-mentioned crevice of the above-mentioned silicon on sapphire, and in which Al 
composition ratio is higher than the above-mentioned nitride system group-lll-V-semiconducter 
layer, 

[Claim 26 A manufacturing method of the semiconductor device according to claim 23, wherein 
the depth is not less than 30 nm in not less than 10 nm and width in the above-mentioned 
crevice. 

[Claim 27 A manufacturing method of the semiconductor device according to claim 24, wherein 
the depth is not less than 30 nm in not less than 10 nm and width in the above-mentioned 
crevice. 

[Claim 28 A manufacturing method of the semiconductor device according to claim 25, wherein 
the depth is not less than 30 nm in not less than 10 nm and width in the above-mentioned 
crevice. 

[Claim 29 A manufacturing method of the semiconductor device nitriding before growing up 

the above-mentioned buffer layer / semiconductor device the 1 above-mentioned principal 

surface of the above-mentioned silicon on sapphire ] according to claim 20. 

[Claim 30 A manufacturing method of the semiconductor device nitriding before growing up 

the above-mentioned buffer layer / semiconductor device the 1 above-mentioned principal 

surface of the above-mentioned silicon on sapphire ] according to claim 21. 

[Claim 31 A manufacturing method of the semiconductor device nitriding before growing up 
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the above-mentioned nitride system group-lll-V-semiconducter layer / semiconductor device 
the 1 above-mentioned principal surface of the above-mentioned silicon on sapphire ] 
according to claim 22. 



Uranslation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention 
[0001] 

[Field of the Invention Especially this invention is applied to the semiconductor laser using a 
nitride system group lll-V semiconducter, a light emitting diode, or electronic run elements, 
such as GaN, about a semiconductor device and a manufacturing method for the same, and is 
preferred. 
[0002] 

[Description of the Prior Art The semiconductor laser and light emitting diode using the nitride 
system group lll-V semiconducter represented by GaN which consist of group III elements, 
such as aluminum, Ga, and In, and a V group element containing N as a luminescent material 
which ranges from green or blue to an ultraviolet region are developed. Among these, about 
the light emitting diode, it is already put in practical use. On the other hand, in the 
semiconductor laser, although room temperature continuous oscillation is realized, for 
reinforcement, a nitride system group's lll-V semiconducter further crystalline improvement is 
needed. Therefore, the art which raises the crystallinity of GaN(s), such as ELOG-GaN 
(Epitaxially laterally overgrownGaN), is also applied, and the effect is demonstrated. However, 
the further crystalline improvement in the nitride system group-lll-V-semiconducter layer itself 
which is to the foundations and which was grown up on the crystal substrate is also desired. 
[0003]After sapphire or SiC is generally used as a substrate crystal and flattening and mirror- 
plane-ization-processed defecation on the surface of a crystal substrate are fully performed in 
a growth device, growth of a nitride system group-lll-V-semiconducter layer is performed on it. 
In this case, since it is required to form the various laminated structures which have the flat 
surface or interface structure at an atom level in order to manufacture the target semiconductor 
device, maintenance or the surface cleaning-ized method by which flattening is carried out, 
and the growing method are used [ the substrate face ] for flat. 
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[0004]The method of raising tlie crystallinity of a nitride system group-lll-V-semiconducter layer 
is also proposed by making a crystal substrate side fine-incline and making the growth form on 
it into step flow (Step Flow) mode (JP.7-201745,A). 

[0005] In the case where a GaAs substrate and an InP substrate are used, Since a buffer layer 
is grown up on the substrate which formed in the substrate face (001) the diffraction grating 
which consists of a B (1 1 1) side in order to reflect the waveguide light in a waveguide, growing 
up a nitride system group-lll-V-semiconducter layer is performed (JP,8-264901,A). 
[0006]Between silicon on sapphire and the nitride system group-lll-V-semiconducter layer on 
it, Insert an AIN buffer layer or (JP,2-229476,A), inserting GaN or an AIGaN buffer layer **** 
(JP,4-297023,A.) The technique of aiming at crystalline improvement, the technique (JP,5- 
41 541, A) of raising crystallinity by nitriding [ the silicon-on-sapphire surface ], etc, are known 
by carrying out JP,7-312350,A. Several buffer layers from which a grating constant differs are 
laminated continuously, and the method of stopping the defect by a stacking fault low is known 
by making small lattice constant difference of a substrate, a buffer layer and a buffer layer, and 
the epitaxial layer on it (JP,9-63962,A). 
[0007] 

[Problem(s) to be Solved by the Invention It is supposed that there is generally wandering of 
crystal orientation in the nitride system group-lll-V-semiconducter crystal who made it grow up 
on silicon on sapphire or a SiC substrate. That is, this nitride system group-lll-V-semiconducter 
crystal is a "mosaic crystal." Wandering of this crystal orientation can roughly be divided and 
can be divided into the twist (Twist) mosaic ingredient which is unsteady in the direction 
which is rotated around an axis vertical to a substrate face, and the tilt (Tilt) mosaic 
ingredient which is unsteady in the direction from which axial orientation shifts perpendicularly. 
It is usually supposed that there is about 0.01-0.5 degree the size of these wandering. It is 
thought that the cause of wandering of this crystal orientation is because it differs mutually 
greatly from those grating constants that the crystal structures of the substrate to be used and 
the nitride system group-lll-V-semiconducter layer who makes it grow up on it differ. Since it is 
relatively weak compared with those insides of a crystal, the interatomic bond of a stable 
sapphire crystal and a nitride system group-lll-V-semiconducter crystal is considered to be a 
factor that taking over of the crystal orientation from a sapphire crystal is hard to be performed 
correctly at the time of growth. 

[0008]ln the semiconductor light emitting element which used the nitride system group-lll-V- 
semiconducter layer for the above mosaic crystal nature, improvement in element 
characteristics, such as decline in luminous efficiency, is barred, or the problem has produced 
that it is short-life etc. in the reliability as an element. 

[0009]Therefore, the purpose of this invention is to provide a semiconductor device which can 
aim at crystalline improvement in a nitride system group-lll-V-semiconducter layer grown up on 
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silicon on sappliire, and a manufacturing metliod for the same. 
[0010] 

[Means for Solving the Problem this invention person inquired wholeheartedly that an above- 
mentioned technical problem which conventional technology has should be solved. The outline 
is explained below. 

[0011]this invention person examined whether it would be optimal that the surface of silicon on 
sapphire is in what kind of state, in order to aim at crystalline improvement in a nitride system 
group lll-V semiconducter who makes it grow up on silicon on sapphire. About the surface of 
this silicon on sapphire, it is thought that a flatter thing is desirable until now, and it can be said 
that efforts were paid to flattening. For example, when heating in temperature of not less than 
900 ** by a normal pressure atmosphere and heat-treating silicon on sapphire to JP,8- 
83802,A, By controlling atomic step height and terrace width on the surface of silicon on 
sapphire by choosing cooking time and cooking temperature corresponding to a plane 
direction. It consists only of a terrace side which has the same crystal orientation substantially 
by super-flatness, and art of obtaining a substrate face which moreover has a linear shape 
regular step site is proposed. 

[0012]However, it is better to completely form a crevice positively on the surface of silicon on 
sapphire conversely with the above-mentioned flattening, in order to aim at crystalline 
improvement in a nitride system group lll-V semiconducter who makes it grow up on silicon on 
sapphire according to this invention person's examination. This is based on the following 
reasons. 

[0013]ln a crystal growth (vapor-phase-epitaxy and solid phase growth are included) process 
on the flat surface of silicon on sapphire. Crystal orientation of a nitride system group-lll-V- 
semiconducter crystal which grows, Since it is determined only by an interaction of a nitride 
system group-lll-V-semiconducter atom and a sapphire crystal atom which sandwich only one 
interface parallel to a substrate face, wandering of crystal orientation which already said that 
interaction force in this interface is not large becomes large. In particular, control of wandering 
(twist ingredient) of crystal orientation of field inboard becomes weak. On the other hand, in an 
interface which has a dent, it is possible to restrict crystal orientation by limiting crystal 
orientation by a lateral force of constraint via a crystal face of an oblique direction which is not 
parallel to a substrate. For this reason, it becomes possible to coincide more correctly 
orientation relationship of silicon on sapphire and a nitride system group-lll-V-semiconducter 
crystal which grows on it. 

[0014]ln a method of using a step form fine inclined substrate of uniform crystal orientation 
here. When a crevice is established in the silicon-on-sapphire surface to being one direction, 
restraint of crystal orientation, Since growth of a nitride system group lll-V semiconducter on 
this silicon on sapphire is restricted by two or more crystal orientation and crystal faces, it can 
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acquire a bigger effect about coincidence of orientation relationship of silicon on sapphire and 
a nitride system group-ill-V-semiconducter layer which grows on it. 

[0015]This invention is thought out based on the above examination by this invention person. 
Namely, to achieve the above objects an invention of the 1st of this invention, In a 
semiconductor device using a nitride system group-lll-V-semiconducter layer who made it 
grow up on silicon on sapphire, a crevice is established in silicon on sapphire in an interface of 
silicon on sapphire and a nitride system group-lll-V-semiconducter layer. 
[0016]ln a manufacturing method of a semiconductor device using a nitride system group-lll-V- 
semiconducter layer who grew up an invention of the 2nd of this invention on silicon on 
sapphire, After forming a crevice in the 1 principal surface of silicon on sapphire, it was made 
to grow up a nitride system group-lll-V-semiconducter layer on the 1 principal surface of silicon 
on sapphire. 

[0017]ln this invention, a crevice of silicon on sapphire can be made into various sectional 
shape and plane shape, it may be punctiform, may be a line, or may combine a punctiform 
thing and a linear thing. These crevices may be formed by control of conditions at the time of 
being able to form by various methods, for example, carrying out thermal cleaning of the 
surface of silicon on sapphire, use of a lithography technology and etching technology, thermal 
etching, etc. 

[0018]ln this invention, when growing up a nitride system group-lll-V-semiconducter layer on 
silicon on sapphire. From a viewpoint which restricts growth according to two or more crystal 
orientation and crystal faces, and aims at more exact coincidence of orientation relationship of 
silicon on sapphire and a nitride system group-lll-V-semiconducter layer who makes it grow up 
on it. Suitably, at least a part of inner surface of a crevice of silicon on sapphire makes an 
angle of 10 degrees or more to the 1 principal surface of silicon on sapphire. About a size of a 
crevice, from same viewpoint, suitably, the depth shall be not less than 25 nm, and width shall 
be not less than 30 nm. Or from a viewpoint of making easy diffusion of aluminum from silicon 
on sapphire like the after-mentioned, the depth of a crevice shall be not less than 10 nm, and 
width shall be not less than 30 nm. 5 micrometers or less of width of these crevices are 2 
micrometers or less typically suitably, 

[0019]Typically in this invention, the 1 principal surface of silicon on sapphire consists of a field 
which carried out the minute angle inclination from a field (0001) (what is called a c side) or 
(0001) a field of a sapphire crystal. Here, a minute angle means an angle of less than 10 
degrees. When the 1 principal surfaces of silicon on sapphire are these fields, various crystal 
faces may appear in an inner surface of a crevice. Specifically, {1 1-26} side of a sapphire 
crystal, {1 1-29} side, etc. appear, for example. According to measurement of an angle of a 
crystal face of an inner surface of an actually formed crevice, although an angle changes with 
crevices, it has these two crystal faces or an angle in the meantime. 
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[0020]ln this invention, an inside of a crevice of silicon on sapphire in the state where a nitride 
system group-lll-V-semiconducter layer was formed is embedded as the nitride system group- 
Ill-V-semiconducter crystal to which crystal orientation was equal. However, two or more 
crevices of all do not necessarily need to be embedded as a nitride system group-lll-V- 
semiconducter crystal. A nitride system group lll-V semiconducter who was embedded in this 
crevice and to whom crystal orientation was equal can form by heat-treating at an elevated 
temperature more, after growing up a nitride system group's lll-V semiconducter buffer layer at 
low temperature on silicon on sapphire by which a crevice was formed in the 1 principal 
surface, for example. Since this method grows up a nitride system group's lll-V semiconducter 
buffer layer at low temperature first on silicon on sapphire, when using a process which carries 
out temperature up of the substrate temperature, and grows up a nitride system group-lll-V- 
semiconducter layer on this buffer layer, it suits, but. By performing growth of a nitride system 
group-lll-V-semiconducter layer on it from growth of a buffer layer, carrying out temperature up 
of the substrate temperature to an elevated temperature continuously from low temperature, a 
laminated structure without unusual interface formation by growth interruption is realizable. 
Making an elevated temperature carry out temperature up of the substrate temperature from 
low temperature on silicon on sapphire as an option, without growing up a buffer layer, a nitride 
system group-lll-V-semiconducter layer may be grown up directly, and a nitride system group- 
lll-V-semiconducter crystal may also be embedded in a crevice of silicon on sapphire. Growth 
is continued starting growth of a nitride system group-lll-V-semiconducter layer from substrate 
temperature of 500-520 **, and specifically carrying out temperature up of the substrate 
temperature to 1000-1 100 **, for example. And if substrate temperature rises to 1000-1 100 **, 
substrate temperature will be held to the temperature and growth will be continued. However, 
when a layer which contains ln(s), such as a GaInN layer, in a nitride system group-lll-V- 
semiconducter layer is contained, growth of the layer is performed with substrate temperature 
of 700-800 **. 

[0021]Here, it can judge that a nitride system group-lll-V-semiconducter crystal to which crystal 
orientation was equal is formed into a crevice of silicon on sapphire by existence of moire 
pattern formation which used a transmission electron microscope. For example, in a 
transmission electron microscope image which excited reflection (0002) of a nitride system 
group-lll-V-semiconducter crystal and reflection (0006) of a sapphire crystal at least, By 
observing a moire pattern by these lattice planes that appear inside a crevice of silicon on 
sapphire, nitride system group-III-V-semiconducter crystal growth to which crystal orientation 
was equal can be confirmed. This moire pattern has an interval depending on an ingredient of 
a nitride system group lll-V semiconducter who made it grow up, and a presentation. 
[0022]ln this invention, typically to an interface of silicon on sapphire and a nitride system 
group-lll-V-semiconducter layer on it. A buffer layer which consists of a high-AI-composition 
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ratio nitride system group-lll-V-semiconducter crystal which aluminum which makes the origin 
silicon on sapphire which consists of aluminum202 diffused is formed so that a crevice of 

silicon on sapphire may be embedded. This high-AI-composition ratio nitride system group-lll- 
V-semiconducter crystal may be embedded only to an inside of a crevice of silicon on 
sapphire. Since a crevice is established in silicon on sapphire in an interface with this buffer 
layer here and a touch area of silicon on sapphire and a buffer layer is increasing only a 
surface integral of an inner surface of a crevice, diffusion of aluminum from silicon on sapphire 
to a buffer layer is performed easily. For example, a nitride system group-lll-V-semiconducter 
layer consists of aluminum^^Ga^_^^_y^lny^N (0< x1< 1,0< y1< 1,0< x1 y1< 1), When a 

nitride system group-lll-V-semiconducter crystal consists of aluminum^2®^i x2 y2''^y2'^ 
(0< x2< 1,0< y2< 1,0< x2 y2< 1), it is made to be suitably set to x2-x1 > 0.1. The 
following effects are acquired by forming this high-AI-composition ratio nitride system group-lll- 
V-semiconducter crystal. Namely, for example, when a nitride system group-lll-V- 
semiconducter layer is a GaN layer, a high-AI-composition ratio nitride system group-lll-V- 
semiconducter crystal turns into an AIGaN crystal, but. While silicon on sapphire and a GaN 
layer are continuously connectable via aluminum with this AIGaN crystal, This AIGaN crystal 
can decrease an inharmonious rearrangement which can ease lattice constant difference of 
silicon on sapphire and a GaN layer, and is produced according to lattice constant difference 
by having a grating constant nearer to silicon on sapphire compared with a GaN layer. Heat 
treatment at the time of temperature up of substrate temperature after growing up a buffer 
layer at low temperature can perform formation of this high-AI-composition ratio nitride system 
group-lll-V-semiconducter crystal. Or when growing up a nitride system group-lll-V- 
semiconducter layer directly on silicon on sapphire, raising substrate temperature from low 
temperature to an elevated temperature, without growing up a buffer layer, it can carry out in 
process of temperature up of substrate temperature. From a viewpoint of diffusing aluminum 
from silicon on sapphire effectively, a layer which consists of aluminum and N is formed further 
again by the nitriding [ the principal surface / exposing the 1 principal surface of silicon on 
sapphire to gas containing nitrogen and ] before growth suitably. By forming a crevice in silicon 
on sapphire in these cases, a touch area of an interface of silicon on sapphire and a layer 
which grows on it increases, and a diffusion reaction of aluminum is promoted. 
[0023]Here, it can check that a high-AI-composition ratio nitride system group-lll-V- 
semiconducter crystal is formed in an interface of silicon on sapphire and a nitride system 
group-lll-V-semiconducter layer by observing a moire pattern which used a transmission 
electron microscope, in a transmission electron microscope image which excited reflection 
(0002) of a nitride system group-lll-V-semiconducter crystal and reflection (0006) of a sapphire 
crystal at least, a moire pattern whose interval is 0,8-1.7 nm is more specifically observed to an 
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interface field - or, In a transmission electron microscope image which excited reflection (01- 
10) of a nitride system group-lll-V-semiconducter crystal and reflection (1 1-20) of a sapphire 
crystal at least, a moire pattern of an interval whose interval is 1-2.1 nm is observed to an 
interface field, Or it can judge by observing a moire pattern of a 0.6-1 .2-nm interval in a 
transmission electron microscope image which excited reflection (0-220) of a nitride system 
group-lll-V-semiconducter crystal and reflection (03-30) of a sapphire crystal at least. 
[0024]ln this invention, a nitride system group lll-V semiconducter, When it consists of at least 
a kind of group III elements chosen from a group which consists of Ga, aluminum, In, and B, 
and a V group element which contains N at least and contains As or P further by a case and 
an example is given, they are GaN, InN, AIN, AIGaN, GaInN, AIGaInN, etc. 
[0025]ln this invention, an organometal chemistry vapor-phase-epitaxy (MOCVD) method, a 
molecular beam epitaxy (MBE) method, etc. can be used for growth of a nitride system group- 
lll-V-semiconducter layer 

[0026]ln this invention, although what kind of thing a semiconductor device may be 
fundamentally, specifically, they are electronic run elements, such as light emitting devices, 
such as a semiconductor laser and a light emitting diode, or GaN system FET. 
[0027]According to this invention constituted as mentioned above, by establishing a crevice in 
the 1 principal surface of silicon on sapphire, According to two or more crystal orientation and 
crystal faces, can restrict growth of a nitride system group-lll-V-semiconducter layer on this 
silicon on sapphire, and by it. Orientation relationship of silicon on sapphire and a nitride 
system group lll-V semiconducter who grows on it can be coincided more correctly. 
[0028] 

[Embodiment of the Invention Hereafter, it explains, referring to drawings for the embodiment 
of this invention. In the complete diagram of an embodiment, the same numerals are given to 
the portion which is the same or corresponds. 

[0029] Drawing 1 shows the GaN system semiconductor laser by a 1st embodiment of this 
invention, and drawing 2 expands and shows the part near the substrate face of this GaN 
system semiconductor laser. This GaN system semiconductor laser is SCH (Separate 
Confinement Heterostructure). It has structure. 

[0030]ln the GaN system semiconductor laser according to this 1st embodiment as shown in 
drawing 1 and drawing 2 , On c side silicon on sapphire 1, via GaN buffer layer 2, Undoped 
GaN layer 3, the n type GaN contact layer 4, the n type AIGaN clad layer 5, the n type GaN 
lightguide 6, the active layer 7 of Ga^^^ln^N/Ga^ ^lnyN multiple quantum well structure, the p 

type AIGaN cap layer 8, The p type GaN lightguide 9, the p type AIGaN clad layer 10, and the 
p type GaN contact layer 1 1 are laminated one by one. Here the p type AIGaN cap layer 8, 
That InN decomposes from the active layer 7 of Ga^^ln^N/Ga^ ^In^N multiple quantum well 

structure when growing up the p type GaN lightguide 9, the p type AIGaN clad layer 10, and 
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the p type GaN contact layer 1 1 at the temperature of about 1000 **. While preventing, it is for 
preventing overflow of the electron from the active layer 7. 

[0031]GaN buffer layer 2 is 30 nm in thickness, and undoped GaN layer 3 is 1 micrometer in 
thickness. As for the n type GaN contact layer 4, thickness is 4 micrometers and Si is doped as 
a n type impurity. As for the n type AIGaN clad layer 5, thickness is 0.5 micrometer and Si is 
doped as a n type impurity. As for the n type GaN lightguide 6, thickness is 0.1 micrometer and 
Si is doped as a n type impurity. As for the p type AIGaN cap layer 8, thickness is 20 nm and 
Mg is doped as a p type impurity. As for the p type GaN lightguide 9, thickness is 0.1 
micrometer and Mg is doped as a p type impurity. As for the p type AIGaN clad layer 10, 
thickness is 0.5 micrometer and Mg is doped as a p type impurity. The Al composition ratio of 
0.07 and the p type AIGaN cap layer 8 of the Al composition ratio of the n type AIGaN clad 
layer 5 and the p type AIGaN clad layer 10 is 0.16. About the active layer 7 of Ga^ ^In^N/Ga^ 

yln^N multiple quantum well structure. For example, 3 nm and 6 nm, and the number of wells 

of X 0.1 1 , y 0.01 , a Ga^ x'^^x'^ layer, and Ga^ y'^^y'^ '^y®"" thickness are 4, respectively, for 

example. The Al composition ratio of 0.07 and the p type AIGaN cap layer 8 of the Al 
composition ratio of the n type AIGaN clad layer 5 and the p type AIGaN clad layer 10 is 0.16. 
[0032]The upper levels of the n type GaN contact layer 4, The n type AIGaN clad layer 5, the n 
type GaN lightguide 6, the active layer 7 of Ga^ ^In^N/Ga^ y'^y*^ multiple quantum well 

structure, the p type AIGaN cap layer 8, the p type GaN lightguide 9, the p type AIGaN clad 
layer 10. And the p type GaN contact layer 1 1 has the mesa shape of prescribed width. The 
ridge part 12 of the prescribed width which extends in one way is formed in the upper levels 
and the p type GaN contact layer 11 of the p type AIGaN clad layer 10 in this mesa part. The 
insulator layer 13 like a Si02 film is formed in the surface of a mesa part, and the surface of 

the n type GaN contact layer 4 of portions other than a mesa part. The opening 13b is formed 
in the portion on the n type GaN contact layer 4 of the portion in which the opening 13a adjoins 
the portion on the ridge part 12 at a mesa part at this insulator layer 13. And the p lateral 
electrode 14 is formed so that the ridge part 12 may be straddled, and ohmic contact is carried 
out to the p type GaN contact layer 1 1 of the ridge part 12 through the opening 13a of the 
insulator layer 13. This p lateral electrode 14 has the nickel Pt Au structure which laminated a 
Ni film, a Pt film, and Au membrane one by one, for example. Through the opening 13b of the 
insulator layer 13, on the n type GaN contact layer 4, the n lateral electrode 15 carries out 
ohmic contact, and is provided. This n lateral electrode 15 has the Ti/aluminum/Pt Au structure 
which laminated a Ti film, an Al film, a Pt film, and Au membrane one by one, for example. 
[0033]ln as shown in drawing 2 ] this 1st embodiment. Unlike the conventional GaN system 
semiconductor laser, c side silicon on sapphire 1 and the nitride system group-lll-V- 
semiconducter layer on it. Specifically, the crevice la is formed in c side silicon on sapphire 1 
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in an interface with GaN buffer layer 2 in large numbers with the surface density which is a 10 

^cm"^ grade. The sectional shape of these crevices 1a may be various things, such as a 
triangle and a trapezoid, and may be various things, such as that with which two or more a 
hexagon, a triangle, circular, and these which also illustrate those plane shape to drawing 3 
combined. The size of these crevices la is not less than 25 nm in depth, and is not less than 
30 nm in width, for example. The inside of these crevices la is embedded as the 
aluminum^Ga^_^N crystal 16 to which crystal orientation was equal. Here, Al composition ratio 

X of this aluminum^Ga^^^N crystal 16 is 0.2 or more. In the electron microscope image which 

excited reflection (0006) of a sapphire crystal and reflection (0002) of a GaN crystal, the 
interval of the moire pattern observed in the portion of this alumlnum^Ga^^N crystal 16 is 1.37- 

1.67 nm. 

[0034]Next, the manufacturing method of the GaN system semiconductor laser by this 1st 
embodiment constituted as mentioned above is explained. 

[0035]First, in order to manufacture this GaN system semiconductor laser, as shown in 
drawing 4 , the surface prepares flattening and mirror-plane-ization-processed c side silicon on 
sapphire 1, and this c side silicon on sapphire 1 is put in in the coil of the MOCVD system 
which carried out the graphic display abbreviation. 

[0036]next, the inside of this coil - atmosphere, such as inactive gas, such as hydrogen gas 
and argon gas, and nitrogen gas, - in a reducing atmosphere like hydrogen gas suitably, 
While performing thermal cleaning of the surface of c side silicon on sapphire 1 by setting 
substrate temperature as 1000-1300 **, and heat-treating it for 1 to 60 minutes, as shown in 
drawing 5 , the crevice la is formed in the surface. At this time, substrate temperature and time 
are adjusted according to the size and shape of the crevice la which are made into the 
purpose. 

[0037]Next, after dropping substrate temperature to 520 , as shown in drawing 2 , GaN buffer 
layer 2 is grown up by the MOCVD method on the surface in which the crevice la of c side 
silicon on sapphire 1 was formed. Next, to 1000 , make substrate temperature rise it and by 
the MOCVD method. On GaN buffer layer 2, undoped GaN layer 3, the n type GaN contact 
layer 4, the n type AIGaN clad layer 5, the n type GaN lightguide 6, the active layer 7 of Ga^_ 

^In^N/Ga^ y'^y*^ multiple quantum well structure, The p type AIGaN cap layer 8, the p type 
GaN lightguide 9, the p type AIGaN clad layer 10, and the p type GaN contact layer 1 1 are 
grown up one by one. However, growth of the active layer 7 of the Ga^ ^In^N/Ga^ y'"y'^ 

multiple quantum well structure which is a layer containing In performs substrate temperature 
as 700-800 **. As a raw material of Ga which is group III elements, the growth material of 
these GaN system semiconductor layers, for example trimethylgallium (TMG), As a raw 
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material of aluminum which is group III elements, ammonia (NH^) is used as a raw material of 

N which is V group element about trimethylindium (TMI) as a raw material of In which is group 
III elements about trimethylaluminum (TMA). As carrier gas, the mixed gas of hydrogen (H2) 

and nitrogen (N2) is used, for example. About a dopant, a mono silane (SiH^) is used as a n 

type dopant, and for example, methylcyclopentadienyl magnesium (MCp) {J^g) is used as a p 

type dopant. 

[0038]An example of the substrate temperature sequence from above-mentioned thermal 
cleaning to growth of a nitride system group-lll-V-semiconducter layer is shown in drawing 6 > 
[0039]While GaN buffer layer 2 embedded by heat treatment under substrate temperature rise 
after growth of GaN buffer layer 2 to the inside of the crevice 1a of c side silicon on sapphire 1 
crystallizes by solid phase epitaxial growth, aluminum is spread from c side silicon on sapphire 
1 into this crystal. Of this, the aluminum^Ga^^^N crystal 16 with which crystal orientation was 

equal to the inside of this crevice la is formed. According to measurement of the interval of the 
moire pattern by a transmission electron microscope, it is possible for Al composition ratio x of 
the aluminum^Ga^ crystal 16 to be set also to 0.95 at the maximum by this method, c side 

silicon on sapphire 1 and the aluminum^Ga^ crystal 16 share aluminum between the 

process of this crystallization and aluminum diffusion, and join together firmly in it. The lattice 
constant difference of c side silicon on sapphire 1 and GaN buffer layer 2 is eased by that this 
aluminum^Ga^ ^N crystal 16 has small lattice constant difference with c side silicon on 

sapphire 1 compared with GaN. Since it has the structure where Al composition ratio 
decreases gradually toward a top from the bottom if it sees by the aluminum^Ga^^N crystal 16 

and whole GaN buffer layer 2 on It, the stacking fault with c side silicon on sapphire 1 is eased 
gradually. And crystallization of GaN buffer layer 2 advances by using the aluminum^Ga^ ^N 

crystal 16 as a core, and crystalline GaN buffer layer 2 excellent in the last target is obtained. 
This sake, Undoped GaN layer 3 which grows on GaN buffer layer 2 excellent in this 
crystallinity, The n type GaN contact layer 4, the n type AIGaN clad layer 5, the n type GaN 
lightguide 6, the active layer 7 of Ga^ ^In^N/Ga^ ^In^N multiple quantum well structure, the p 

type AIGaN cap layer 8, the p type GaN lightguide 9, It becomes what was excellent also in the 
crystallinity of the p type AIGaN clad layer 10 and the p type GaN contact layer 11. 
[0040JAII over the p type GaN contact layer 1 1 , next, for example, a CVD method, a vacuum 
deposition method, By sputtering process etc., for example, after forming a 0.4-micrometer- 
thick Si02 film, The resist pattern (not shown) of specified shape is formed with lithography on 

this SiO film, and a SiO^ film is etched by the wet etching using the etching reagent of a 
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fluoric acid system by using tliis resist pattern as a mask. Of this, the mask (not shown) which 
consists of a Si02 film is formed on the p type GaN contact layer 1 1 . 

[0041]Next, it etches until it reaches the n type GaN contact layer 4 by a reactive-ion-etching 
(RIE) method, using this mask. At this time, 0.5 micrometer of n type GaN contact layers 4 are 
etched, for example. Chlorine system gas is used as etching gas of this RIE. 
[0042]After carrying out etching removal of the mask, to an entire substrate again Next, for 
example, a CVD method. By vacuum deposition method, sputtering process, etc., for example, 
after forming a 0.2-micrometer-thick S'lO^ film, The resist pattern (not shown) of specified 

shape is formed with lithography on this Si02 film, and a SiO^ film is etched by the wet etching 

using the etching reagent of a fluoric acid system by using this resist pattern as a mask. Of 
this, the mask (not shown) which consists of a SIO^ film is formed in the substrate face 

containing a mesa part. 

[0043]Next, by etching by the RIE method by predetermined Mr. Fukashi of the thickness 
direction of the p type GaN contact layer 11, using this mask, a slot is formed and the ridge 
part 12 is formed. Chlorine system gas is used as etching gas of this RIE. 
[0044]Next, a wrap resist pattern (not shown) is formed for the surface of the field except n 
lateral electrode formation area with lithography. 

[0045]Next, the opening 13b is formed by etching the insulator layer 13 by using this resist 
pattern as a mask. 

[0046]Next, after forming a Ti film, an Al film, a Pt film, and Au membrane in an entire 
substrate one by one with a vacuum deposition method in the state where it has left the resist 
pattern, a resist pattern is removed with the Ti film, the Al film, the Pt film, and Au membrane 
which were formed on it (lift off). Of this, the n lateral electrode 15 of Ti aluminum Pt Au 
structure is formed on the n type GaN contact layer 4 in the portion of the opening 13b of the 
insulator layer 13. 

[0047]Next, by, for example, performing heat treatment at 800 into a nitrogen gas 
atmosphere for 10 minutes, While performing electrical activation of the p type impurity doped 
by the p type AIGaN cap layer 8, the p type GaN lightguide 9, the p type AIGaN clad layer 10, 
and the p type GaN contact layer 1 1 , alloy treatment of the n lateral electrode 15 is performed. 
[0048]Next, a wrap resist pattern (not shown) is formed for the surface of the field except the 
field of the ridge part 12 with lithography. 

[0049]Next, by etching the insulator layer 13 by using a resist pattern as a mask, the opening 
13a is formed and the upper surface of the ridge part 12 is exposed. 
[0050]Next, a wrap resist pattern (not shown) is formed for the surface of the field except p 
lateral electrode formation area with lithography. 

[0051]Next, to an entire substrate, after forming a Ni film, a Pt film, and Au membrane one by 
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one with a vacuum deposition method, the resist pattern 22 is removed with the Ni film, the Pt 
film, and Au membrane which were formed on it. Of this, as shown in drawing 1 , ranging over 
the ridge part 12, the p lateral electrode 14 of nickel Pt Au structure is formed. Next, for 
example, alloy treatment of the p lateral electrode 14 is performed by performing heat 
treatment at 600 ** into a nitrogen gas atmosphere for 20 minutes. 
[0052]Then, after processing into bar shape c side silicon on sapphire 1 in which laser 
structure was formed as mentioned above, forming both resonator edge faces and performing 
edge face coating further, chip making of this bar is carried out. The GaN system 
semiconductor laser of ridge structure and SCH structure made into the purpose is 
manufactured by this. 

[0053]As mentioned above, after according to this 1st embodiment establishing the crevice la 
in the 1 principal surface of c side silicon on sapphire 1 and growing up GaN buffer layer 2 with 
the substrate temperature of 520 ** on this 1 principal surface, make 1000 go up substrate 
temperature, and in that process. While crystallizing GaN buffer layer 2 embedded in the 
crevice la with solid phase growth, Diffuse aluminum and it is considered as the 
aluminum^Ga^ ^N crystal 16, By crystallizing the GaN buffer layer 2 whole by furthermore 

crystallizing the GaN buffer layer 2 whole by using this aluminum^Ga^^N crystal 16 as a core, 

Undoped GaN layer 3 grown up on this GaN buffer layer 2, the n type GaN contact layer 4, the 
n type AIGaN clad layer 5, the n type GaN lightguide 6, the active layer 7 of Ga^^ln^N/Ga^ 

yln^N multiple quantum well structure, The crystallinity of the p type AIGaN cap layer 8, the p 

type GaN lightguide 9, the p type AIGaN clad layer 10, and the p type GaN contact layer 1 1 
should also be excellent. By this, high performance, a long life, and a highly reliable GaN 
system semiconductor laser are realizable. 
[0054]Next, a 2nd embodiment of this invention is described. 

[0055]After forming the crevice la in the surface of c side silicon on sapphire 1 like a 1st 
embodiment in this 2nd embodiment. The surface of this c side silicon on sapphire 1 is 
exposed to the material gas, for example, ammonia gas, containing nitrogen, and the nitrated 
case containing aluminum and N is formed. [ the surface ] [ an elevated temperature, for 
example, the temperature of about 1000 , Then, like a 1st embodiment, the process after 
growth of GaN buffer layer 2 is advanced, and the GaN system semiconductor laser made into 
the purpose is manufactured. 

[0056]According to this 2nd embodiment, in addition to the same advantage as a 1st 
embodiment, the following advantages can be acquired. Namely, by growing up GaN buffer 
layer 2, after forming the crevice la in the surface of c side silicon on sapphire 1 and forming a 
nitrated case in this surface further, By the diffusion reaction of aluminum between this nitrated 
case and GaN buffer layer 2 embedded in the crevice 1a, aluminum is spread in GaN buffer 
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layer 2, and Ga is conversely spread in a nitrated case. And as a result, diffusion of aluminum 
can be promoted substantially, and it becomes advantageous when forming the high 
aluminum^Ga^^N crystal 16 of Al composition ratio x. 

[0057]Next, a 3rd embodiment of this invention is described. 

[0058]As shown in drawing 7 , in the GaN system semiconductor laser by this 3rd embodiment, 
it is formed so that the aluminum^Ga^^^N crystal 16 with which crystal orientation was equal to 

the whole interface of c side silicon on sapphire 1 and GaN buffer layer 2 may embed the 
crevice la. Other is the same as that of the GaN system semiconductor laser by a 1st 
embodiment. 

[0059]According to this 3rd embodiment, the same advantage as a 1st embodiment can be 
acquired. 

[0060]Next, a 4th embodiment of this invention is described. 

[0061]Dropping substrate temperature at 520 and raising substrate temperature from this 
temperature to 1000 ** in this 4th embodiment, after forming the crevice la in the surface of c 
side silicon on sapphire 1 like a 1st embodiment. Undoped GaN layer 2 is directly grown up on 
c side silicon on sapphire 1, and the layer after the n type GaN contact layer 3 is succeedingly 
grown up like a 1st embodiment on it. An example of the substrate temperature sequence from 
the thermal cleaning at this time to growth of a nitride system group-lll-V-semiconducter layer 
is shown in drawing 8 . 

[0062]According to this 4th embodiment, when crystallization of undoped GaN layer 2 occurs 
from the crevice la of c side silicon on sapphire 1, The crystallinity of the nitride system group- 
Ill-V-semiconducter layer who should be excellent and grows up the crystallinity of the 
undoped GaN layer 2 whole on it by this should also be excellent. 
[0063]Next, a 5th embodiment of this invention is described. 

[0064]ln the GaN system semiconductor laser according to this 5th embodiment as shown in 
drawing 9 and drawing 10 , Two or more linear shape crevices la which extend in parallel 
mutually are established in one way (for example, the <11-20> direction), and the 
aluminum^Ga^ ^N crystal 16 is embedded to the inside of this crevice la by the surface of c 

side silicon on sapphire 1 . Other is the same as that of a 1st embodiment. 
[0065]The manufacturing method of the GaN system semiconductor laser by this 5th 
embodiment is the same as the manufacturing method of the GaN system semiconductor laser 
according to a 1st embodiment except for the formation methods of the crevice la of c side 
silicon on sapphire 1 differing. In this 5th embodiment, the crevice 1a, After the surface forms 
the resist pattern (not shown) of predetermined stripe shape with lithography on flattening and 
mirror-plane-ization-processed c side silicon on sapphire 1, It forms by etching c side silicon 
on sapphire 1 to a prescribed depth by dry etching by using this resist pattern as a mask. 
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[0066] According to this 5th embodiment, the same advantage as a 1st embodiment can be 
acquired. 

[0067]Next, a 6th embodiment of this invention is described. 

[0068]ln the GaN system semiconductor laser according to this 6th embodiment as shown in 
drawing 1 1 and drawing 12 , The crevice la of the plane shape of a hexagon is established in 
two-dimensional array form, and the aluminum Ga N crystal 16 is embedded to the inside of 

this crevice 1a by the surface of c side silicon on sapphire 1 . Other is the same as that of a 1st 
embodiment. 

[0069]The manufacturing method of the GaN system semiconductor laser by this 5th 
embodiment is the same as the manufacturing method of the GaN system semiconductor laser 
according to a 1st embodiment except for the formation methods of the crevice 1a of c side 
silicon on sapphire 1 differing. Namely, in this 5th embodiment the crevice la, After the surface 
forms the resist pattern (not shown) of the shape of a predetermined hexagon with lithography 
on flattening and mirror-plane-ization-processed c side silicon on sapphire 1 , It forms by 
etching c side silicon on sapphire 1 to a prescribed depth by dry etching by using this resist 
pattern as a mask. 

[0070]According to this 6th embodiment, the same advantage as a 1st embodiment can be 
acquired. 

[0071]As mentioned above, although the embodiment of this invention was described 
concretely, this invention is not limited to an above-mentioned embodiment, and various kinds 
of modification based on the technical idea of this invention is possible for it. 
[0072]For example, a numerical value, structure, a raw material, a process, etc. quoted in the 
above-mentioned 1st - a 6th embodiment are only an example to the last, and may use a 
numerical value, structure, a raw material, a process, etc. of differing from these, if needed. 
[0073] Although the crevice la is formed in the above-mentioned 1st - a 4th embodiment by 
carrying out thermal cleaning of the surface of c side silicon on sapphire 1 within the coil of an 
MOCVD system, After forming the crevice la in the surface of c side silicon on sapphire 1 by 
thermal cleaning with another device, after moving this c side silicon on sapphire 1 in the coil 
of an MOCVD system, thermal cleaning is performed again, and it may be made to perform 
that epigenesis length. 

[0074]ln the 1st - 3rd, 5th, and 6th embodiments, although GaN buffer layer 2 is grown up as a 

buffer layer, Generally as a buffer layer, an aluminum Ga In N (0< x< 1,0< y< 1, 

X I -x-y y 

0< X y< 1) layer can be used. 

[0075]ln the above-mentioned 1st - a 6th embodiment, although the case where this invention 
was applied to the GaN system semiconductor laser of SCH structure was explained, this 
invention is also applicable to the GaN system semiconductor laser of DH (Double 
Heterostructure) structure. The thing of single quantum well structure may be used as the 
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active layer 7. As laser structure, various kinds of things which realize a profit waveguide type 
or refractive index guiding type semiconductor laser, such as a ridge waveguide type, an 
internal current stricture type, a structural substrate type, and a vertical microfiche control type 
(a distributed feedback (DFB) type or a distribution Bragg reflection (DBR) type semiconductor 
laser), can be used. This invention can also be applied to a GaN system light emitting diode, 
and can also be further applied to electronic run elements, such as GaN system FET. 
[0076] 

[Effect of the Invention As explained above, according to this invention, two or more crystal 
orientation and crystal faces can restrict growth of the nitride system group-lll-V-semiconducter 
layer on this silicon on sapphire by establishing two or more crevices in the 1 principal surface 
of silicon on sapphire. For this reason, the orientation relationship of silicon on sapphire and 
the nitride system group lll-V semiconducter who grows on it should be coincided more 
correctly, and the crystallinity of the nitride system group-lll-V-semiconducter layer should be 
excelled. 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings 

[Drawing 1 It is a sectional view vertical to the direction of cavity length of the GaN system 
semiconductor laser by a 1st embodiment of this invention. 

[Drawing 2 It is a sectional view expanding and showing some GaN system semiconductor 
lasers by a 1st embodiment of this invention. 

[Drawing 3 It is a top view showing the example of the plane shape of the crevice formed in the 
surface of c side silicon on sapphire in the GaN system semiconductor laser by a 1st 
embodiment of this invention. 

[Drawing 4 It is a sectional view for explaining the manufacturing method of the GaN system 
semiconductor laser by a 1st embodiment of this invention. 

[Drawing 5 It is a sectional view for explaining the manufacturing method of the GaN system 
semiconductor laser by a 1st embodiment of this invention. 

[Drawing 6 It is an approximate line figure showing an example of the substrate temperature 
sequence in the manufacturing method of the GaN system semiconductor laser by a 1st 
embodiment of this invention. 

[Drawing 7 It is a sectional view for explaining the manufacturing method of the GaN system 
semiconductor laser by a 3rd embodiment of this invention. 

[Drawing 8 It is an approximate line figure showing an example of the substrate temperature 
sequence In the manufacturing method of the GaN system semiconductor laser by a 4th 
embodiment of this invention. 

[Drawing 9 It Is a sectional view expanding and showing some GaN system semiconductor 
lasers by a 5th embodiment of this invention. 

[Drawing 10 It is a top view for explaining the manufacturing method of the GaN system 
semiconductor laser by a 5th embodiment of this invention. 

[Drawing 11 It is a sectional view expanding and showing some GaN system semiconductor 
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lasers by a 6th embodiment of this invention. 

fDrawing 12 It is a top view for explaining the manufacturing method of the GaN system 
semiconductor laser by a 6th embodiment of this invention. 
[Description of Notations 

1 ... c side silicon on sapphire, 1a ... A crevice, 2 ... GaN buffer layer, 3 ... An undoping GaN 
layer, 4 ... A n type GaN contact layer, 5 ... N type AIGaN clad layer, 6 ... A n type GaN 
lightguide, 7 ... An active layer, 8 ... P type AIGaN cap layer, 9 -- A ridge part, 13 / ... An 
insulator layer, 14 / ... p lateral electrode, 15 / ... n lateral electrode, 16 / ... aluminum^Ga^^N 

crystal ] ... A p type GaN lightguide, 10 ... A p type AIGaN clad layer, 1 1 ... A p type GaN 
contact layer, 12 



[Translation done.] 
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DRAWINGS 



[Drawing 1 
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[Drawing 3 
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[Drawing 1 1 
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0 0-1 1 oo-c^-cs«iag^^ias-ti:^*^f>^ft^ 
^(ta. ftT. *sfflje*«i 0 0 0-1 1 oo-ciT- 

fvi^'L, s^bii^i 1 1 -vmit-^'mmm'^iz 

j|c7)^:Sii 7 0 0-8 0 o-c<oa«jajgTif 3 . 
[002ii::v:t. ■i?-7r>f rascoiHSo+tc^a 

m'^^ixx\^hzb\,i. m^=Fwm.mm^^tz^7 
vmm-^m<izi. xm^h z b ifix% «. . 
M. wmik 1 1 1 -yMc^'mwm^<f^ ( 0 0 0 

2 ) ^fc Ht7 r -f T^faCO ( 0 0 0 6 ) t ^^i--^ 
< b tSliB L^cSami^»^«tcfcV^T , -^7 r ^ 7 

wmm^<nm\zwxh zKh<rmm,z j: i> ^ r u 
I \-ymc^^^h<r)^^imimhzb 

ifiX'^h, Zffi^7Vm\i. ^^^^tz^WnJkl I I 
[00 22] Z(omMlzii\,^x. mmzii. ^yr^ 

7mLb^(7)±nm'imjki 1 1 -vmt-^wmm 

b<r>^mi,z. AI2 O3 i}^h^j:h'fyr^7miRiim 

tt&Ai ^mitimA 1 m^itsitm i n - v 

SHt-&ft*3l?<*SaA>4>^«.A.y7TJi3i<. ■t7r>fr 

^7m(^\mff>miz(om»>}i.ttii,zbthi>, 

ZZX\ Zff)^<-yyrmb(7)^mirZhl,i^-^yr-^7& 
mzmmii(>tlX^^lt:ib. ^y7^7mSLtJ^y 
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mi^mz^htii, mm. sitm 1 1 1 -vm^t 

•&fiS*^ftji*<A l.iGai.,!.,, Iny,N(Ogxl 

gl, O^ylSl, O^x l+y 1 < 1) *^f,:5rO, 

mmjk 111- vmit-^^immA i , ^ g a 

,.,2., 2 In,2N (0^x2^1. 0^y2^1. 0^ 
X 2 + y 2 S 1 ) ^^i^^l-Ji-^, imi>Zli. X 2 - X 1 
SO. 1 1 5rS J: 3 tc1-|. . ^<o«A 1 mJiS.'ftmJk 

nA 1 ffl^jts^tft^ 1 1 1 -ymt-^^mmm 

AIG am^t^ilifi. C:<OAlGaNiBaKJ:0-t 

yr^Tm.bGaNMt^AM'ftixmmizm, 

1. 1 i {C<t 0-9-7 T >f TS« i: G a Nl t 

rnkS-miki 1 1 -vsi^b^^«!iigfli^j«ti. 

f)mi.^ziir^oztm^^. h^\At. A'7 7ri 

^ffi?a*»'^>«?aic±#$-tt^r*<f>, gjkftJKi 1 1 -V 
mit-^mmwmi-mm:-^^hm^\>z\i. mm^ 

{i. »3S{z{i. B^*mw-t7r^ra«£7)-±ffl^Mlg 
$:^0;y;^tc$ 4> LTM^b-r S C i; J: 0 A 1 i: N t 

mzmum^^ixx\^hzt^zii^ . ^yr^rmM. 
AioS2:liKffi*^ffiJt$^tl.. 

[00 23] zzx\ ■^yr-iTm&tmmiJhi 1 1 
-vi^it-^m^mmtmrn^zmA i fflfigibg-ftft^ 
1 1 1 -vm^t-^mmm^Bm&^ixx^^hzb 

ctoTsiz-rsifc^^T'^s. x^Mi^mzii, mm 
mil -vmt^mmm^<r> ( o o o 2 ) swt 

■t7T^T^^<^ (000 6)K*ft5:iJ'^'3r<fcti)je 
U/v:S3Smi^^aiilitcfcV^Tfi®^llStrai5i*^0. 8 
~1. 7nmc7)trnaA^'R^?ti«>C:i:, 

^{btli^ I I I -VMt-^^^i¥m^a(D (01-1 

0 ) Rltib^y T ^ nSSO (11-20) Sltfc ^iJ--" 
faPi*<i~2. 1 nin<ospgotrm*<ai^$iii.:i 

CD (0-220) mt^yr-^rm^BCD {03-3 



V^T0. 6-1. 2nm<r)mm(r)=f:TUmtfimi^tih 

ztizX-^ TfJBrl-l. Z t tfiX'^ h . 

10 0 24] z(r>mnzi5\>^x. sm^i I I-VSi 

it'^emmmi. Ga. a U I nfeJ:t^B*>^^r|.l¥ 
J: •)S(fit^c^^=5r< i: t,-a<7) I I I mfcmt , iJ'-<<r< 

vmrnti^h^j:*). mmmfht. GaN, i n 

N. AIN, AlGaN. GalnN. AlGaInN 
[0025] CrcO^BHCfcV^T. S^t!ft3^ I I I - 

^t-^m^mcr>^mzii. wk^^^it^^mm (m 

ocvD) ffi^, ^i^iSxt^df-i^- (MBE)&=5ra' 

[ 0 0 2 6 J ico^BBtfcv^T. ^«tj§S{is m^^m 

^f^P-if^^/'f ^- K=5ri:'iO^^^S)|.v^{iG 
a N ^ F E T^r ^tf*^T'J> S , 

[0027] IMCOX 0 lzm&^tir2Z(7)^mizi:jx 
ii. ■9-7r'f 7S«^0-±®^^Ia^*^iS^t^>i^TV^I,c: 
tizXO. Z(^'>ryr^7mWLtl,ziHihSim?hl I 

i^mizx->xmm-tizt*^x^. ^tnzx-^x. ^ 
7 T >f 7m^t^<n±.f<z^mhm.imw^ m-vm. 

ZhifX-^h. 
[0028] 

[^Bflosiiscoj^®] jaT. z(r>wn<r>mBm^z-o\.\ 

fcfcv^T. m-tt:\inmhu^\,z\m~ffy^i\i 
■t. 

[ 0 0 2 9 ] 0 Hid (o^Wif^ 1 (omw&miizj: h G 

aNm^#:l'-ifS:^^L, ll2{i::cOGaN^^«5 

\^-'f<nmMmw-&<r)-%^^±\.x^^. z<nG^ 

N^i}i^f!|jV— ffiSCH (Separate Cbnfinenent Het 
erostructure) flBtSrirfS t<OT'*>l>. 
[0030] 0ifeJ:if|12(c^-f ioK, c:omi<7) 
ll»®(c-i:SGaNiS^f*U-iftcii^^TJi. cffl 
•9-7r'fra«l±tc, GaNyN'.y7Ta2S::n-L.T. 
r>'h'-7*GaNfl3, nSGaNny^:;' M4. n 
SA 1 GaN^'5-/ nSGaN3K^^6. G 
a,.. In. N/Ga,., In, N^M^^#F1S)tO 
W&Ml . pSA 1 GaNdf+v7*«8. pSGaN^K 
^jSa9, p^A 1 GaN^'^-y Hll Ofcit^pMG 
aNay^'^'b^i i*>'it<Ji:«a$nTV^I>. dCt'. 
pSAlGaNdf-vyr«8«. pffiGaN3K«»[Ji 
9, pSA 1 GaN^'^-y Hll OtJil^pSGaNn 
y:^' ? hii 1 1 Sr 1 0 0 0'CSS(7)iaJST-^iS$-^SI^ 
tCGa,., In. N/Ga,., In, N^fi*^#Ffll 
Jic0vgttJI7*>^>I nN*<^)S-fS<OS:K±-rSfctt> 
-^ttl 7 <5<omi^<^;r->' N- 7 n- 2: Kitt l> ^ 
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[ 0 0 3 1 ] G a NA'.y yrM2tm^f}^mU£3 0 n 
mX'h*). Tyh'-rGaNii3(iJ¥$*««f|t{f Ixim 

1^1,. nSA 1 GaN^'7 v Hii5{iJf 0 . 

nXV^S. naGaN5t^»Ji6liJf§*<Wi.{f0. 1 
MmT'J>0. nST^IietltL-C^RJfS i*ih'-r$n 
TV^S. pSA 1 GaNdf^-yrl8{i;P$*<«?!|;t{f2 
OnmT'J)'), pmT^W^bLXmHiMsi}^\^-r^ 
tlX\'^h. pSGaN5K^«cl9{iW§*>f?IJ^(f0. 1 

/zmT'*>o. pm^mbtxmtimst^\'-r-^ti 

TV^S. pSA 1 GaN^'7'i'HJil 0{4if$*««f(;llf 

0. 5//mfj>o. pmr^t^v^tixmnmsi}^]^- 

r^nXl^S, nSA 1 GaN;77 y b'SSfcJ; 

t/pSA 1 GaNify-yVmiO(OA\mmtimHi 

0. 07, pSA 1 GaN^^r-VvrflSOA l«J:b(i 
mmO. leX'hh. Gat; in, N/Ga,., I 

n, N^afii^#F^ii<^Sttl7lCOV^rfi. 

x = 0. 11, y = 0. 01. Gai-, I n, NMUX 
l^Ga,-, In, NJl<7)l¥${i^J;t{f-f-il-fix3nmfc 
ilJfenm, #FgC(i4X'J>«.. nSAlGaNi?7-y 

HI 5 tJ J:t^pSA 1 G a N ^' 7 7 KJi 1 0<0A 1 
Jt{ifi«J;c.tt'0. 0 7, pSA IGaNdr-vvTJiSOA 

[0032] naGaNrjy^'^'M4<0±lllf, nS 

A 1 GaN:^'7'y nSG aN5t^jSii6 , Ga 

1., In. N/Ga,., In, N^a«^^#FffliiiOvS 
ttii7. pSA 1 GaN4r^>yrfl8, pMGaN^t^ 
W§9. pSA 1 GaN^'^-yHJBl OfcilXpSGa 

0±Jia5fcJ:tXpSGaN3y^'^'bJil lt{i-:^|6] 

izmtm^«^m-/=j^i 2m&^ixx\>^^. ^ 

nMG a N a y :J' ^' M4 <0±«SS^tC^P 1 3 b 
ft4>iXTV^5. ^IX, V'y'^Ul2^tfz<'X'jiZp 
mm 1 4 ^jfLTfe 0 , 1 3 <7)MP 1 3 a 

SrjitT'J-yi^'SPl 2(7)pSGaNay:J'^ M 1 It 
:t-Sy^'3y^'i7bLTOl.. CKOpfflmSil 4t4, 
{^itfNiK, PtlRfcJ:t^Au|SS:)l|l»«JiL^Ni 

/pt/Au^js^:^-rs. tfz.m!mi3(r>mDi 

3 b $:Jil:T nSG a N a y ^' hl4 ±IC nlUmffi 1 
fiUmil 5J4, CTi-tfTiH. A lis. Pt^fcJ;l^A 



[00331 02 t^-r i -5 1 fOUiKgffit 

^f7r^7««it-eio±£7)g-fb!fumi 1 

Sf!|56<)t(4GaN>'\''y7Tl2i:(0-^ffi{C 
iSttS c m-fy r A TW^ 1 1.Z\m 1 a*>-^S!c. «?iji.{f 
1 09 c m-iWSLffi'm^X'm^^tlX\^h. Ztlk^ 

^xx<. ^iit>m-mm^m3mmhJ;io^j::^ 

±^^l,i. mUi. a?$*i2 5nmJJLh, ig*<3 0nm 

fiO-t^o^Al, Ga,-, N^fBl6T-«i6a*nT 

^^h. ZZX\ Z(OA\, Ga,.. N^fal 6<0A Iffl 

fi£itx(i0. 2li}±X'hh. tt:, ■^y7>{-m^n<^ 
(000 6) RlffcGaNISaeO ( 0 0 0 2 ) RWt 2: 
aSL^'iH^^^^tCfeV^T, ClOAl, Gai., N 
iS^Bl 6(Ola5^T-ffi«§ni.tTkJS<7)^Ri<4. 1. 3 
7~1. 67nm-C*)l). 

[00 34] iJcfc, ±^«J:aK^d4§^l/iC:«Sl<0 

mmmi.z j: s g a n ^^iiti'-if <7)iBi:frftfcov ^ 
[003 5] :i<f)GsLiimmwi'-^^m&thi,z 
imj.^tifzcmtyr-irmmmM.L. ;i<r)cm 

[ 0 0 3 6 ] z.<r>Kmm^x\ *«;<rx, r/i-d' 

S:^J;i{fl 0 0 0-1 3 0 0-C{cig^Lri~6 O^S 

Sftaigitsittcj;'), cm^y7^7m^i(7>m<r> 
m^ia.<7)±^^^mzmtx. mmB.iiiiU^ 

SriSgff-f S . 

[ 0 0 3 7 ] »:fc:, mwm.m!Hi5 2 o-ctm^^ 

ll2(c^-tJ:o{i, c®-t7r-frS«lc7)iHl 
gPl a*^Jg^$tL;t^ffi±(cMOCVDa{c:J: OGaN 
A' y7rJ12^)K;g?-y-S. <5CJ3. ««ia^iS:m<fl 

0 0 0-C^-C±#S-tt, MOCVDa(3j;0. GaN^N* 
•y7ril2±CTyH-7"GaN®3. nSGaNny 
^'^hil4, nSA 1 GaN^'7-y HJi5. nSGaN 
3K^a[16, Ga,., In, N/Ga,., In, N^S 
fiiF#F«JiOvSttJl 7 . p S A 1 G a N df- -^^ -y 7'^ 
8. paGaNjt«»[l9. pSA 1 GaN^'7>y 

1 Ofcil^pSGaNny^^ h« 1 1 

S. /o^Jt. I nS-^tflT-J)-I.Ga,., I n, N/G 
a,-, I n, N#afi^#Fmji<OYS1417<7)fig^<4S 
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mmm(y)mmmi. mm. 1 1 i)K7cs-cj>i. 

Gam^klXlihV^i-)U:^V'yj^ (TMG) S:. 

I I I mUMX'h h A 1 <nM.f-\b bXM h U ^ 'i')V7lV 
S'-^A (TMA) $r, I I immX'hh I n(7)J!If4 
blXiihV^i-J\^^y'J'yM. (TMI ) Vg^TC^ 

(Hi ) tMS(N2 ) tffJU^ytfXim^^l. H-A- 

7^(3 iH, ) pmv-JvyhtLximm^ 

^/W^^a^y9i^X.—j\^'7i^^i^^M. ( (MCp)2 
Mg) Srffll^S. 
[0038] ±ao-9--v;l^^' 

1 1 1 -vmit-^m^m<o^^tX'<7)mis^i^- 

[0039] GaNA'.y7Tl2<0^:Sf^<0S««ag± 

n'¥(r>m!mi>zx 0 « c ffi-t 7 r 'f rmm i toiai? i a 
df x+ jumiz X 0 ^ffffb-r 1. 1 1 1 {c , .1 (Dm^tz c 

ffli?-7r-frfflgl*>^>Al*«J£ISrt2.. c:*itJ:^ 

z<r)WUi acortsptc. ^ft^ao-^-^o/iA i, 

1, Gai-, Nm^aiecoAimmtxiWckX'o. 9 

5I.Zi,ti>ZtffiX'^i>Zti}^^X'$>h. tt:. ZCD 

i^B^tffbis it^A 1 mLffymx\ c 0-9-7 r ra« 1 

tAl, Ga,-, N»ftl6k*«AlS:J±*LTWc 
^^■tl.. iTt, CKOAl, Ga,., Nite^BieticH 
^7 7^ T&m 1 1 (Om'^mm^G a N lCJt^T/J^$ 
V^::tCJ;0> cffl1^7r^rS;Kl tGaN^N'-y7r 
12i:<7)tSi^^ll«fa$til.. ^^^t^, Al, Ga 
i-,N^ai 6fcJ:l/'?-0±«7)GaN-'N'-y7rJ120^ 
«5r^l>t. AiajSit*fT*»^.±ttf*»oT^'?t«l 

<OlS^^S*«#^tc^W$ixTV^I>. -?-LT. Al. G 
a,., N^b^bI 6S:1^i:LTGaN>'N'>y7r«20*ga^B 
-fbJ&Jjtff L. g^WtCgn^^B^BttcOG a NA'.y 7 r Ji 
23&ft#4>ixS. ^(^^mc^tl^cGaNA- 
•y7rJ12±tB£:^$nS7yH-7-GaN13. nS 
GaNny^'^' hS4, nSA 1 GaN^7-y 
nSGaN3t^«^«6, Ga,., In, N/Ga,., I 
n, N ^a4^#F«JS<7)vSttJi 7, pSAlGaN^ 
•V-yT-JiS. pSGaN3K^^9. pMAlGaN^' 
7 y K«l 0±>J:t^pSGaN3>^^' hSl 

[004 0] pSGaNny^':? hill lO:^® 

IzX'Ommm^is^O. 4Mm<7)SiOi miB^Uz 



(nV'Jxyn^-V (ES^-tir-r) Srmt, ^OW-i^'x 

aS-fflV^Jt-^X-y hX^y^y/tCiOS i Oz JK$-X-y 

f-y/tS. CifLfci-^T, pSGaNay:?^' Ml 
l±ts i Oj ll*»^,^rl>vx:? kWp^) im^'^ 

[0 04 1] iJcfc. Z.<ry7Xi?^l^\>n:mt\iWMt^ 
:tyx-y^y^' (RI E) at^iOnSGaN^y:?:? 
M4ta-r'l)^T-x>yf-y^$:ff9. diOtg^, Wi. 
(f. nSGaN3y^'^'M4*<0. SwrnX-yf-y^ 
$ixl>J:3tI-tl>. ^cORI EcOx»y^y^^X^XtUT 

[00421 iXt. •7X^'S:X-yf-y:/|^U>:fS, « 
l^«S^atc«fl;c.{fCVDa. SE2II««. X/'C.y:?'; 
y:?'a'5rt'{c<l:0W;t(f/f$*fO. ^nm(r>Si0^m 
mWLUiXk. ^cOS i02 M±tc'jy^^7 7-f-(cj: 

hyN-^;-y i: L.T0IJttf7 'yil^KtT) 

x-yf-yi/?g5:ffll,^/i'!7X.y hx -y -fy/tJ: 0 S i O 
2 l^x-yf-y^Z-ri,. ^fi{cJ:oT. ^-^-gPSr-^Oa 

mm^zs i 02 jgi*>/i>^rsvx^' ) 

[0043] Cc^vX?Srffl),^T«?iUtfRIEffi 
tiOpSGaNay^J'^hjll i(r>m^1j\^m^<o 

mtxx-v^y/^'ffdztizx<omim^L, u-y 

'JUl 2im^th. ZCOR I Ec7)x.yf-y^^;<fXt L 

[0044]<^:tc, yy;/7 7^-tJ:0nffl!llffiem 
^i^Srl^V^/c^JSiO^HSrSdUv-'XNN-^-y (0^ 

[0 04 5]»:t, z<7)i'>fx}'/'<i'-yi:-7xi^bb 
T^Jffil 3Srx.yf-y^^-tl.;i:tJ:0, IB013b 

[0046] ui^'xhJ'^^-ymLfzttff)^ 
mxmisi^mmniMSM^mizi: ot i a i 

m. PtKfc<}:i^Au)g^ii»:jg^Lfcf^. wyxhys- 

:J'-yS:'f-<^±tCJgfiR$n7^cTi|^. Aljg. Ptiifc 

ii/Aumtbuzmit?> (•J7h5r7) . cmtij: 

-^X. mmmi 3<7)^P1 SbcOgP^tCfcttSnSGa 
Nny^'^' M4±lCTi/A 1/Pt/Auiffiji<7)n 

[0047] mz. mm. mm^xwm^'¥izi5^^x 
aoo'cx'io^i^m^nozbizxy)^ pSaig 

aN^-vvraS, pMGaN3K^jSJI9, pMA I G 
aN^7-yHJil0t5J:l^paGaN3y^'^'h«l 1 

t H-7*$n;tP^>F«!Boo«^e<r«tt{tS'ff a fc b t 
[00481 uy^'97^-CJ:0'J yxl»l2 
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[0049] iXfC. U>'Xh^-<i'-y?:'7X^tlXm 

[oo5 0]»:(i. vvi^yy ^-i,zx 'Op mmm^ 
[ 0 0 5 1 } ms.m^zmi.\i%mmmzi. o 

NiK, Pt)i*3j:tXAuKSrW<WgfiKLfd*. l^i^'X 

J:l/AuKttt>(c[^-rs. CDftCi-pT, Hlfc^ 

•tJ:3{c. ^}'y=JUl2l,zttzt)<'>X. Ni/Pt/A 
u«JtcopiSmi4«5)gB£§ixl.. fi^t«f. g 
^X^';^#Hm'l'tfcV^T 6 0 O-Ct'2 d'^mmi'^io 

cfc^cj:'), p{iimsi4<orD>fj!ias:ffd. 

[00 5 3] JiLtcoJ;3{=. i«0miO5l*t)e«tJ:n 
{f . c M-t7 T ^ rs« 1 co-iBtDflgp 1 a ^igft. 
C <D-iM±.^zmWm. 5 2 0 -CfG a N>'N' -y 7 T 1 2 

s-fi!4;S$-ii-!tf*. mwm.t: 1 ooo-cfci^s-fr. -e 

^O^gf, lagBl atcas^aiiiX7tGaNA'>y7rS2 
lrilfflfi£*tcJ:O^B^fffb$-t*i:fct{c. A 1 ^i£Sic$ 
-^TAl, Gai., N^aietL, $A>(CC:OAl. 
Ga,., N^a^el 6$r1^fc LTG a N^'-y 7 r«2^f*: 
S:fS^B^b§-tt-|. C i: t J; 0 G a N A'y 7 r ® 2^#:S-S 
fff(tLTV^-SClt(cJ:0. ::<0GaN-'N'77r®2±{c 
«;^$-a-Sr>'K-rGaNji3, nSGaNnyiJ'^' 
M4. nMA 1 GaN^7-y K«5, nSGaNJt^ 
Ga,-, I n, N/Ga,., I N^fiSi^ 
#F1i3t<oaitfl7, pSA 1 GaNdf-r-y7*®8. p 
SGaN^jS^9, pSA 1 GaN^'7-y KSl Ofc 
J:L<paGaN3y^i?hH 1 O^B^atttMiXTt i)0 

jiffi®lt<iOGaNiK#^f4cix— fS-iests^ifcAfrgi 

I.. 

[ 0 0 5 4 ] , :i<7mm^2<r>%mmz-o\^x 

[00 5 51 ^<7)m2collSSJg®{cfcV^T{i. Ill (OH 
JSJBStlBI^lcLT, c®-9-7t^7SM10^®(c|M1 
iilaSrJBjSL/cflfe, i<0cBD-t7r^ r«« 1(^^(15 
mtf 1 000'CS«Oii«-Cg«Sr*tfSip| 

M;cifry^-r^'xt$<i,LTg<t,L, a 1 1 

(0056] z(om2(oms&mm^zxtn£. m<om 



ifx'%h, -i-tchh. cffi^^7r-^r^Sl«^s^^IHl 
ssia?:jg^u. ^t>\izL<rmm^zm.^^mm.xi)^ 

^>GaNA77r®25r^^$-frTl^|.C:i:CCj:0, CI 

(^m.imb\m\ a.^zm]^)htfifzGa.^j^'yy7m2 

t<rmVff)A 1 i0t£HiRiE(C.fc-oTGaNA<y77Ji2 
tAi*%|J[U. jStg-fbigtGadsjSSrtS. -fL 

T. A\<r>m.i±%lzm:-fhZbi)K' 

mh^-^iz-^mttch. 

[ 0 0 5 7 ] ijCfc. i<Of6B^oS3(0|g«tJ^»tOV>T 

[ 0 0 5 8 ] 0 7 tl^-f J: ^ Ccom 3 <7)||Jfeje®tC 
J:I.GaNm^#U— ftfeV^T{4. cffi-t7r-fT 
a«itGaN/N'-y7r®2tc7)^B^mc. ^^:^r^ 

tO-e-6-p/cA 1. Ga,.. N^B^al 6*^'1HI^1 a2r«i6 

J: s G a nik^mw\y-^mm:h s . 
[0059] .1 corns onm^tcifitf. m 1 onifi 

[ 0 0 6 0 ] i<0f6Hj{0||4 coHJfeJgJBfcoV^T 

[0 06 1 ] zn^A<n%mmi.zii\^x^i. m<r>% 
tmmt mm^z Lxcwfyr^ rm. i (ommiz\m 

1 aSrmL^^m, SSlSg^ 5 2 O-CH^T^-ti-, » 

««ass:::coaK*>^> i o o o-c^-c-i^^-tf-^A^^j, 
c Mtf 7 T rms. 1 ±tcmgr y H -T-G a NA 2 

m^-^. 3\tm^x^(r)±izmimmmmmz 

LT nSG a N a y^' ^' M 3mcOlSr«:R$-ti:l. , 

z(r)t^ff)-^~'?/i'^^ ^--yya^hmt^^hi 1 1- 
[0062] Z(7)m4 ffmtmMi,zxtn£. cm-fy t 

^rmRK^W^l a*»A>ryb'-rGaN12c7)tSa 
iti}m^&Ztl,ZX'0, ryK-7*GaN®2^rag 

±.iz^-^^iths.^mjki I i-v]K-fb^^*so 
[ 0 0 6 3 ] ijcfc, z(mm<om5eommmiz'^^'^x 

[0064] ll9fcJ;tX01Otfl^i-J:9{=, Cicoms 
0|im^{Cj:I.GaN.^^®#cU— flCfcV^TIi, c 
ffi-^7T^TSSlC0^fflt, -:^|*] (fftj;ttf, < 1 1 

- 2 0 ) :frl6]) {;svHcTOtcS:/s«Sc<7)i«ltt<oiHi 
S?l a*«|gttfen, icOBOSBl a<0|*lSSKA 1, Ga 
,.. N^B%1 6*<«*^5i^iXTV^4. -tcOfficOClfcW, 
Sl<0||Jfi«.«t|5I«T'*)S. 

[0065] zmsffmrnw^izxiGat^^^w 

U-^com^Uma. c B-9-7 r ^ TS« 1 OGDgS 1 a 
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axr/m^mx^tit: c m-^y r ^ rm. i ±t= 'j v 

S:-?;?. ^ t LT c H-t7 T rS^K 1 H 7 -Y X .y f-y 
1 0 0 6 6 ] 5 J:n{f . B 1 <^lllifi 

[0067] mz. z<o^ffim6(omm^mifZ-:>\>\x 

[00 68] 01 ltiXX/mi2l,Z^tX'il,z. Zcr>m 
eoHJeeStCi S G a N^i|^ftV-1ftfcV>T{i, 

c iB-t 7 r 'f TSfi? 1 c;)^ffi(c . y^nm<7)'^mm^<r>w 
m a*^Z{!KjtTu^mzmhtL. z^^muia^m 

iJtCAl, Gai-, Ni^^l 6*tJI>^a*nTV^S. 

[0069] Z(r>W. 5 <r>mmm.^Zi. I, O a N^^^ft 
V-^<r)^-}mi . c H1^ 7 r « 1 (OBiai 1 a 

l,GaN^^^ftI/-ifc7)i«3g:^t|5|«t'$>l.. 

hh. z<nt^5(r>m^mzh\-^x\,t. \mi ati. ^ 
1 ±(c 'J y -tci *)m^<7)y^nm^coU'jx h 

-yi-7X9tLXc\mryr^7mS.liY^^ai-/ 

^y'/t,zxy)m^mtx'x.'v^>yti>zt\,zx *)m 

[0070] c:<om6cO|lifeJ^®{cJ:iitf . II 1 coHM 
[ 0 0 7 1] lyj:. ;cO||BflcO|liSJe®tov^T*#W 

izmmLtii}^, z(r>^Bm. iMcrmmmmizm^^n 

[ 0 0 7 2 ] {f , ±^<0S 1 -II 6 c7)|IM?^®{Cfc 

[ 0 0 7 3 ] . ±a<^^ 1 ~lg4<^||SfiJg®(CfcV^ 

aS-JgfigLTV^I,*^, ^'JO^iaTcffi-t7r^rS«l 
<O«ffi(c-t-v;l/i?'J--y:/lci:0iagPl aSrJ^EL 
/if*. C:<0ciB-9-7T-fr»«ilS:MOCVDJSfi<^R 

-5-<0^fi&:iSrff ^ J: 0 t J: v\ 

[00 74] m-'ms. msmi/msff)^ 

JgSlcfcV^TJi. /N'"/7rlt LTGaN>'N'-y7rii2 



l,Ga,.,-, I n, N (O^x^l, OSy^l, 0 
[ 0 0 7 5 ] § ^> ±M<n^ 1 -me coHSfiJgSfcfc 

l,zmmLf■:m^lz':>\,^xmmlt:*^, z<7i%Bff,i^ dh 

(Double Heterostructure) ^^(^G aNJh^#l^-- 
•f^zmthZttX'^ 1. tti, ^mitLxm- 

m^^pmmcDtc^im\^xi,Xi\ ttz. u-^'mm 
t ixii, mnmmtrdim9imm.^mi¥i^-^ 

m. m^- mm. (mm ( d f b ) mtfcum 
-fy 'jymA (DBR) m^mwi^-^) tcK<r>^m(r) 

h<r)im\-^hZtti^X'%h, ttz, Z<rMmi. GaN 

m±y^^-Y\,zmm-fhzi:i>xt%, §^>tji, g 

a N^F E Ttj:^<r>n=Him=^>.zmith Z t t,T'# 
[0076] 

imm^] vxtmmuzxo^z. zmmzxix 
{f, ^7T^7m.(r>-i.mizmm(ow3i}mifhtix 

\,^izbi,zx^. za)^y7^7mWJLiz)3i,ihmim 

tiXt/ii^mzx -oxmrn-t^zbti^x-^ h . z(r>fz 

if), ■fy7-(TmS.b-i:n±iz&mhS.im^l I I 

-ymit^wmi^bffimmiiLmmx OEHt-s: 
^^hzbij^x't, mmmi i i-vmit-^mmw 

m<r>m^B^i^titz i:><7)bti>zbi3iX'^&. 

imi] z <^^m<7)m i (r>mmmi,z xhGa umm 
fiiiu-'f<7)mmMzmmKi:mmmx'h?>. 
[02] z<r>WM<r>mi(o^m&mi,zXi,Gam^ 

[03] zcomMco^KomtmmizxhG aN^^ 

[ 04 ] c: (rm^n^ 1 ff^mmmzi, g a n^^i^^ 
^\^-^(r>mmim:mmhtiif)mwmx:hh, 
[05] z<m^f{m.\<r,mmm.\zihGawmm 

[0 6 ] ; <r)mm% 1 tO||8SJ^»(c J: I, G a 

Wi^-^(r)mm-nmizmhw&j^u-^ y7.<n-m 

[07] z<r)W^<n%3(r)%wm,zi.hGa\^-mm 
[08] J:coi^BJcOll4C0|IMJB.®tJ:i.GaN^i|i^ 

^v-^<r)m&-ymzmhmm.^-'r vxa>-m 

[09] v:«0^Bjo||5O||S©e®K:J:§GaN^^ 
[010] z<r)%in(7i^5<r>mkWzi.hGanJh^ 

mw\^-^<r>^-}mmmthfzihcr>^mmx'hh , 



1 • • • ca'9-7 r-fra«. la • • '^n. 2 • • 
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• • • nSGaNny^^^hii. 5 • ■ • nSA 1 Ga 
\\9v^vYm. 6 • • • nSGaN3t^ftil. 7 • • • 
vS1t/l. 8 • • ■ pSAlGaN^^^yra. 9 • • • 
pSGaN^eSayi. 1 0 • • • pMA I GaN^'^-y 
HS. 1 1 • • • x>WGB.\\^y^^ h^. 1 2 • • • 
'J ^yxSK. 1 3 • — mi^. 1 4 • • • pfflttS. 1 
5 • • • nffl!l«ffi. 1 6 ■ • ■ A 1, Ga,., Nfefa 
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